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Abstract
Aim To detect the accuracy of real-time three-
dimensional echocardiography (RT3DE) and
two-dimensional echocardiography (2DE) for
tricuspid annulus (TA) assessment compared with
magnetic resonance imaging (MRI).
Methods Thirty patients (mean age 34 ± 13
years, 60% males) in sinus rhythm were examined
by MRI, RT3DE, and 2DE for TA assessment.
End-diastolic and end-systolic TA diameter
(TAD) and TA fractional shortening (TAFS)
were measured by RT3DE, 2DE, and MRI.
End-diastolic and end-systolic TA area (TAA)
and TA fractional area changes (TAFAC) were
measured by RT3DE and MRI. End-diastolic and
end-systolic right ventricular (RV) volumes and
ejectionfraction(RV-EF)weremeasuredbyMRI.
Results The TA was clearly delineated in all
patients and visualized as an oval-shaped by
RT3DE and MRI. There was a good correla-
tion between TADMRI and TAD3D (r = 0.75,
P = 0.001), while TAD2D was fairly correlated
with TAD3D and TADMRI (r = 0.5, P = 0.01 for
both). There were no signiﬁcant differences
between RT3DE and MRI in TAD, TAA, TAFS,
and TAFAC measurements, while TAD2D and
TAFS2D were signiﬁcantly underestimated
(P < 0.001). TAFS2D was not correlated with
RV-EF, while TAFS3D and TAFAC3D were fairly
correlated with RV-EF (r = 0.49, P = 0.01, and
r = 0.47, P = 0.02 respectively).
Conclusion RT3DEhelpsinaccurateassessment
of TA comparable to MRI and may have an
important implication in the TV surgical decision-
makingprocesses.RT3DE analysisofTAfunction
could be used as a marker of RV function.
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Introduction
Evaluation of tricuspid annulus (TA) continues to
be a major problem in the surgical decision-
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sional shape [1–3]. Accurate assessment of TA
has many values in clinical application. For
example, the decision of tricuspid valve repair
may change due to discrepancy between pre-
operative measurement of TA diameter (TAD)
by two-dimensional transthoracic (or transesoph-
ageal) echocardiography (2DE) and direct surgi-
cal visualization [4]. Several studies described a
strong correlation between TA motion and right
ventricular (RV) function [5–8]. Analysis of TA
velocity by tissue Doppler imaging has been
found useful for RV functional assessment
[9, 10]. In these studies, the assessment of TA
motion relied on 2DE, M-mode and tissue
Doppler recording. Since Real-time three-dimen-
sional echocardiography (RT3DE) has become
available for clinical practice, it is now possible to
examine the TV more completely [11]. This study
aimed to use RT3DE in evaluation of TA
morphology, size and cyclic changes during the
cardiac cycle. It also aimed to correlate TA
function with RV function that was assessed by
magnetic resonance imaging (MRI).
Subjects and methods
The study included 30 patients (mean age
34 ± 13 years, 60% were males) who were sched-
uled for routine MRI examination for evaluation
of right ventricular function (10 patients with
congenital heart disease, ﬁve with chronic pulmo-
nary disease, ﬁve with multivalvular affection,
and 10 normals). 2DE and RT3DE were per-
formed at the same day of MRI examination after
their informed consent for assessment of TA. The
inclusion criteria for selection were good 2D
image quality, sinus rhythm and mild to moderate
tricuspid regurgitation.
MRI studies were performed with a 1.5 T MRI
(General Electric, Milwaukee WI; Signa 1.5 T
MRI) equipped with a four-element torso coil. A
cardiac-triggered, steady-state, free-precession
sequence (FIESTA; temporal resolution and
repetition time of echo of 3.5 and 1.3 ms, respec-
tively, ﬂip angle of 45 degrees) was used for
quantitative analysis. 10 cine short axis slices were
acquired (slice thickness 10 mm, gap 0 mm)
during a breath-hold period. Additional imaging
parameters were a ﬁeld of view of 320–380 mm
and a matrix of 160 · 128. These series of high
quality images encompassing the right ventricle
(RV) produced a three-dimensional data set with
sharp edge between the blood pool and
myocardium. Quantitative analysis was per-
formed using standardized software (MassPlus,
Medis Inc., Leiden, NL). By this software, manual
tracing was done for TA and RV endocardial
border on all images (end-diastolic and end-
systolic). The following measures were obtained
at end-diastolic and end-systolic frame: (1) TA
area (TAAMRI), (2) TADMRI, (3) RV volume, (4)
RV ejection fraction (RV-EF) was calculated as
(RV end-diastolic volume- RV end-systolic vol-
ume/RV end-diastolic volume) · 100%, (5) TA
fractional shortening (TAFSMRI) deﬁned as (end-
diastolic TADMRI–end-systolic TADMRI)/end-
diastolic TADMRI · 100% and (6) TA fractional
area changes (TAFACMRI) deﬁned as (end-dia-
stolic TAAMRI–end-systolic TAAMRI)/end-dia-
stolic TAAMRI · 100%.
2DE was done with a Sonos 7500 ultrasound
system attached to a S3 transducer (Philips, Best,
The Netherlands). The TV was imaged from
apical 4-chamber view with the patient in the left
lateral decubitus position. The following
measures were obtained: (1) TAD2D was deﬁned
as the distance between the insertion sites of
septal and anterior TV leaﬂets and obtained at an
end-diastolic and end-systolic still frame and (2)
TA fraction shortening (TAFS2D) deﬁned as
(end-diastolic TAD2D–end-systolic TAD2D)/end-
diastolic TAD2D · 100%
RT3DE was done with the same ultrasound
system attached to X4 matrix array transducer
capable of providing real-time B-mode images. A
full volume 3D data set was collected within
approximately 5–10 s of breath holding in full
volume mode from an apical window. The 3D data
set was transferred for off-line analysis with Tom-
Tec software (Unterschleissheim, Munich, Ger-
many).Datawerestoreddigitallyandsubsequently
evaluated by two blinded observers (AMA, OIIS).
Data analysis of 3D images was based on a 2D
approach relying on images obtained initially from
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123the apical view. The TA was sliced between two
narrow lines to exclude other tissues on the 2D
image leading to clariﬁcation of annulus by a 3D
image. TA was viewed and traced manually from
the atrial aspect and once this is completed the
surface area was automatically calculated and
could be visualized from different points of views.
Manual modiﬁcation was made to correct any
inconsistence. The following RT3DE variables
were obtained from both an end-diastolic and
end-systolic still frame: (1) TA area (TAA3D), and
(2)TAD3DdeﬁnedasthewidestTAD(seeFig. 1),
Subsequently, TAFS3D and TA fractional area
changes (TAFAC3D) (%) were calculated by the
same formula used in 2DE.
Statistical analysis
All data obtained by MRI, 2DE and RT3DE are
presented as mean ± SD. A paired t-test and was
performed for comparing means of variables. The
level of signiﬁcance was set to P < 0.05. A SPSS
statistical package was used (SPSS, version 12.1,
SPSS Inc, Chicago). Pearson’s coefﬁcient was
used for correlation between RT3DE and MRI
data. Interobserver agreement for RT3DE mea-
surements was assessed according to the Bland
and Altman principle [12].
Results
Acquisition of RT3DE data was performed in all
patientsinareasonabletime(approximately1 min
for acquisition and 5 min for data analysis). The
TA was clearly delineated in all patients. An oval-
shapedTA(notcircular)wasvisualizedbyRT3DE
and MRI (Fig. 1). TAD3D was obtained with very
good interobserver agreement (mean difference –
0.4 ± 1.5 mm, agreement –3.4–2.6). There was a
good correlation between TADMRI and TAD3D
(R = 0.75, P = 0.001), while TAD2D was fairly
correlated with TAD3D and TADMRI (R = 0.5,
P = 0.01 for both). There were no signiﬁcant
differences between RT3DE and MRI in TAD,
TAA, TAFS, and TAFAC measurements, while
TAD2D and TAFS2D were signiﬁcantly underesti-
mated (P < 0.001) (Table 1). TAFS2D was not
correlated with RV-EF, while TAFS3D and TA-
FAC3D were fairly correlated with RV-EF
(r = 0.49, P = 0.01, and r = 0.47, P = 0.02 respec-
tively).
Discussion
In the present study, the morphological and
functional aspects of TA were assessed by MRI
and RT3DE. The main ﬁndings of our study are
Fig. 1 Tricuspid annulus
oval shape as seen by
graphic representation
(A), real-time
three-dimensional
echocardiography (B),
magnetic resonance
imaging (C), and tricuspid
annulus with 2 lines
inside, the larger is the
TAD by real-time
three-dimensional
echocardiography and the
smaller is the TAD by
two-dimensional
echocardiography with
large difference in
measurements
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123(1) TA shape was not circular but oval, (2) TAD
measurement by RT3DE is more accurate than
by 2DE, and (3) TA function was fairly correlated
with RV function.
TAD measurements have an important role in
the TV surgical decision-making process not only
for the selection of patients undergoing surgery,
but also the type of surgical technique (valve
plication or ring placement) [13–15]. Although
2DE is helpful to assess TV function and to detect
TR severity it has important limitations in
describing TV morphological details, such as
TAD [14, 15]. RT3DE may yield more detailed
anatomical description of TA morphology and
function [16, 17]. In the present study, the TA was
visualized well in all subjects allowing even
measurements of its area. This is in accordance
with Schnabel et al. [11] who reported well or at
least sufﬁcient TA visualization in over 90% of
patients. The measurements of TAD by RT3DE
and MRI showed good correlation without
signiﬁcant difference between both techniques.
When TAD2D measurements were compared
with the TAD3D and TADMRI measurements,
2D measurements were signiﬁcantly underesti-
mated. Analysis of TA motion by M-mode, 2DE
and tissue Doppler imaging has been studied as a
feasible marker for RV function reﬂecting the
longitudinal RV shortening and lengthening. All
these analyses described the physiological behav-
iour of TA plane systolic motion towards the apex
along the RV long axis [5–10]. The TA plane
systolic displacement is not inﬂuenced by its
complex structure and asymmetrical shape [18]
In the present study TA circumferential and
horizontal motion along the RV short axis was
assessed by RT3DE. TA motion along the RV
short axis, which was fairly correlated with RV
function that was assessed by MRI as a standard
method for assessing RV ejection fraction. Fair
and not good correlation may be explained by the
meridional motion of the muscles and other
structures of the RV inﬂow region. Furthermore,
the myocytes are disposed longitudinally in the
inﬂow region and more sensitive to meridional
stress [19]. Despite this fair correlation, the
summation of TA motion along both RV long
and short axes increases the accuracy and corre-
lation values for estimation of RV function [20].
Study limitation
The main limitation of this study is that RT3DE
images more critically depend on image quality
than 2DE images and the value of RT3DE should
be assessed in a more non-selected (image qual-
ity). Due to the high cost of MRI, a small number
of patients were included.
Conclusions
RT3DE helps in accurate assessment of TA com-
parable to MRI, while 2DE could not be relied on
due to underestimation. This may have important
implications in the TV surgical decision-making
processes. RT3DE analysis of TA function could
be used as a marker of RV function.
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